Objective: The aim of this study was to evaluate high-risk factors for initial lung metastases from breast invasive ductal carcinomas in operable patients with Stages I -III invasive ductal carcinoma. Methods: Data of all patients who underwent radical mastectomy were reviewed retrospectively, and they were confirmed with invasive ductal breast cancer between January 2003 and December 2007. Routine clinical examination data of patients included in the study at primary diagnosis, adjuvant modes and first metastasis sites were recorded. Possible risk factors were easily identified from patients. Twenty-eight potential risk factors were investigated. Finally, 78 patients with complete data in the potential factors were found eligible, and univariate and multivariate analyses were conducted. Results: Univariate analyses showed that the status of estrogen receptor (ER) and progesterone receptor (PR) and the status of the epidermal growth factor receptor-2 (Her2) were high-risk factors for invasive ductal breast cancer metastasis to the lung as the first organ. P values were, respectively, 0.045, 0.049 and 0.026. Multivariate analyses showed that the pN3 stage needs to be combined with vascular invasion to predict initial lung metastasis. The status of ER and PR was also viewed in combination with p53 negative to predict lung metastasis. Further analyses demonstrated that a subtype of four negative in breast cancer was significantly associated with initial lung metastasis. Conclusions: Patients with pN3 stage and vascular invasion were more likely to develop lung metastasis. A new subtype with Her2 negative, both ER-negative and PR negative combination with p53 negative, had a great tendency to develop initial lung metastasis in breast invasive ductal cancer patients.
INTRODUCTION
In breast cancer, metastasis is generally an organ-selective process whereby cancer cells metastasize to regional lymph nodes, the bone marrow, the lungs and the liver (1, 2) . The lung is an important distant organ to be affected by metastasis from breast cancer. It is estimated that 60 -70% of patients who eventually die of breast cancer have it in their lungs. In 21% of cases, the lung is the only site of metastasis (3, 4) . Therefore, it is important to study the selective biology mechanism underlying breast cancer metastasis to lung as the first site.
Several studies have made great advance in the mechanisms involved in organ-specific metastatic processes to lung from breast cancer at different levels. At the gene level, Minn et al. (5) identified a set of genes that marked and mediated breast cancer metastasis to the lungs. As a result, nine genes served dual functions, providing growth advantages both in the primary tumor and in the lung microenvironment. Three genes contributed to aggressive growth selectively in the lung. Gupta et al. (6) revealed inhibitor of cell differentiation (ID gene family)-mediated tumor re-initiation during breast cancer lung metastasis in the triple negative [TN, estrogen receptor (ER) negative, progesterone receptor (PR) negative and human epidermal growth factor receptor-2, also named Her2 negative] subgroup of human breast cancer based on an animal model and clinical studies. Calvo et al. (7) reported that five genes were identified from VEGF-regulated genes associated with increased lung metastatic potential in the animal model and in patients with breast cancer. The result suggested that tenascin-C may be a relevant target for therapy against lung metastatic breast cancer (7) . In the molecular aspect, Padua et al. (8) not only discovered the TGFb-primed breast cancer for lung metastasis but also made a clear explanation that the selection process of lung metastasis from breast cancer was the induction of angiopoietin-like 4 (ANGPTL4) by TGFb through the Smad-signaling pathway. These researches offer the promise that these genes and molecules as potential targets block breast cancer cells metastasizing to lung in the near future, also costly and specific. However, it will take a long time to put these targets into clinical practice, and its technology is also costly and complicated. It is unknown that which subtype in breast cancer needs this gene detection or target treatment. Therefore, further investigation is needed to identify high-risk subtypes in breast cancer patients who develop initial lung metastasis from the current routine examinations and treatment modes.
Some factors from routine examinations have been reported to predict initial lung metastasis. Hasebe et al. (9) found in 1044 patients with invasive ductal carcinoma of the breast that histopathologic factors were associated with initial organ-specific metastasis. They also found that tumor necrosis, ER negative and progesterone receptor (PR) negative, skin invasion, N3 and lymph vessel invasion were significantly related to lung metastasis as the initial organ. Histopathologic examination is routinely performed at any hospital, and it is a very useful tool in clinical practice in IDC patients. The results in the literature were of prime importance in the prediction of first organ metastasis according to pathological characteristics. Nevertheless, they focused only on histological factors. There are still many other important factors such as Her2/neu, which remain unknown in relation to initial lung metastasis. In an early work, Schlappack et al. (4) described only the clinical course of lung metastasis from breast cancer and did not show which factors were related to lung metastasis as the first organ. Many researchers have devoted great efforts to searching for risk factors that can predict the bone, the liver, the brain and unusual sites as the first site of breast cancer metastasis (10 -15) . To our knowledge, few reports considered initial pulmonary metastasis from IDC as the main endpoint in clinical research.
Many routine examinations are conducted when primary breast cancer is diagnosed and treated. Moreover, with the mature of immunohistochemistry (IHC) technology, molecular pathology examination is becoming routine in breast cancer. These examinations afford much useful information, which have been used to prognosticate clinical outcomes or predict benefits of a given treatment. But it is unknown from this information whether these influence the process of metastasis to the lung. Even for treatment methods, they play an important role in the decision-making of breast cancer prognosis, but it remains unknown whether they can influence the development of lung metastases from IDC.
The current report was a detailed evaluation of risk factors for initial lung metastasis, by analysis of a population of 78 patients with Stages I -III primary IDC based on clinical, laboratory and histopathologic characteristics and adjuvant treatment modes. The objectives in the current study were to explore (i) the characteristics of initial lung metastasis from IDC and (ii) high-risk factors for lung metastasis as the first distant organ metastasis.
PATIENTS AND METHODS

REQUIREMENTS FOR ELIGIBLE PATIENTS
Patients were selected from a database. All patients had accepted complete treatment and follow-up in our hospital so that detailed information was available. Eligibility requirements included the following.
(i) At primary diagnosis, all patients underwent routine examinations. They were diagnosed at Stages I -III and could be operable based on these tests. The data must be accurate and available in age, Eastern Cooperative Oncology Group (ECOG) status, body mass index (BMI), menopausal status, menarche age, blood routine tests, hepatic tests and tumor markers tests, which were regarded as possible risk factors in the current study. Young women were considered to be no more than 40 years. ECOG status should be 0 or 1. Overweight was described by BMI . 25 kg/m 2 (16) . Qualitative analyses were conducted as category data. Routine blood tests were white cell count (WBC), red cell count (RBC), hemoglobin (HGB) and platelet count (PLT). Hepatic tests included only total protein (TP) and globular protein (GP). The other items in hepatic tests were excluded because they were often not available in the data recorder. Tumor markers routinely measured at our hospital were carcinoembryonic antigen (CEA) and cancer antigen 15.3 (CA15-3). The CEA was said to be elevated above a value of 5 ng/ml, and CA15-3 was elevated above 35 U/ml. Age, menarche age, blood routine items, TP, GP, CEA and CA15-3 were analyzed in the research as quantitative factors.
(ii) After surgery, pathological examination was conducted.
Patients must have invasive ductal carcinomas of the breast. Primary tumor ( pT) stage, lymph node stage ( pN), vascular invasion, histological grade should be well recorded. Good records of primary tumors and lymph nodes were kept in the pathological reports so 98 Initial lung metastasis from breast cancer that pT and pN could be reviewed based on the UICC/ AJCC system (6th edition) (17) . pT stage referred to T1: tumor is 2 cm or less across. T2: tumor is more than 2 cm but not more than 5 cm across. T3: tumor is more than 5 cm across. T4: tumor of any size growing into the chest wall or skin. pN stage referred to N1: 1 -3 axillary (underarm) lymph node(s), N2: cancer has spread to 4 -9 axillary lymph nodes, N3: 10 or more axillary lymph nodes or spread to the lymph nodes above the clavicle. pTNM stage was at Stages I -III. Vascular invasion referred to the clear-cut presence of tumor cells within endothelial-lined spaces; no effort was made to distinguish between lymph and blood vessel invasion. The Nottingham system was used for histological grading (18): 1 presented low grade, 2 presented median grade and 3 presented high grade. Molecular pathological tests were also conducted. They included ER and PR and Her2, also named c-erb-B2, Ki-67 and p53 protein. They were evaluated on paraffin sections using the IHC technology. The cases were considered positive to ER, PR, p53 and Ki-67 protein expression if more than 10% of the tumors cells showed nuclear staining. The Her2 staining was interpreted as positive when .80% of the tumor cells showed distinct cell membrane staining. The methods on IHC and criterions of positive to negative in our hospital were consistent with the International Breast Cancer Study Group. (iii) For treatment, patients must accept modified radical or radical mastectomy. Other modes would be excluded because surgery methods maybe influence breast cancer metastasis. If indicated, postoperation radiation was conducted. Radiotherapy with 50 -60 Gy (median, 50 Gy) was given to the chest wall and regional lymph nodal areas. Radiotherapy was performed with similar techniques to similar fields. The chest wall was given 50 Gy in 25 fractions using two tangential fields by 60 Co or 6 -8 MV X-rays. The draining lymph node regions (supraclavicle and axilla) were treated by a separate field with 50 Gy in 25 fractions. The internal mammary nodal areas were treated with 45 -50 Gy with 1.8 -2 Gy per fraction for medially located tumors only. If patients received adjuvant chemotherapy, they must receive at least two cycles of anthracycline-containing regimens before metastasis. The endocrine therapy regimen used was tamoxifen, for at least 3 months before first organ metastasis.
Other adjuvant modes or drugs would be excluded so as to maximize the decreasing treatment bias. In the study, radiation, chemotherapy and endocrine therapy were, respectively, analyzed as possible risk factors. (iv) At the first presentation, good records of metastatic sites should have been kept. In follow-up, the organ metastasis was diagnosed based on clinical symptoms, physical examination and radiographic tests. The ultimate diagnosis of the metastatic site was based on significant evidence, using computed tomography (CT), ultrasound and emission computed tomography (ECT). If two or more sites presented at the same time, they would be excluded from the study. If sites were sequential in a patient, the first site was included and others were not.
Data were collected between January 2003 and December 2007 from patient files with IDC in the Department of Medical Records, Shandong Provincial Hospital, China. A total of 432 patients' files with IDC were screened and 354 patients were excluded because they did not meet the above requirements. A total of 78 patients who meet the above requirements were considered eligible and analyzed in the present study. All patients were Chinese women. Informed consent was obtained from each patient before primary treatment. The study was approved by the institutional review board as it has no conflicts with the Helsinki Declaration.
STATISTICAL METHODS
The endpoint was first organ metastasis. Lung metastasis was compared with other organs metastasis. Distant metastasis-free interval (DFS) was also calculated. This was defined as the interval between the date of primary treatment, which may be operation or new adjuvant chemotherapy on breast cancer, and the date of first presentation with metastatic disease diagnosed by clinical methods.
Univariate analyses between qualitative factors and first distant organ (the lung and other organs) used x 2 test or Fisher's exact test as appropriate. The Mantel -Haenzel x 2 test was used for quantitative variables and multiordinal factors. If necessary, correlations between factors were done using the Kendall's rank test. Significant factors produced by the above methods were analyzed using multivariate analyses based on conditional logistic regression, in a stepwise manner. The mutual effects between vascular invasion and pN stage, p53 and ER/PR status were also analyzed in the multivariate analyses. Logistic regression analysis was used to calculate odds ratios (ORs), 95% confidence intervals (CIs) and corresponding P values after adjusting for age as a covariate. Estimates were considered statistically significant for twotailed values of P , 0.05. All analyses were performed using SPSS 13.0 statistical software (SPSS Inc, Chicago, IL, USA).
RESULTS
The distribution of metastatic disease in the patient group was shown in Tables 1 and 2 . Lung metastases were the second most frequently observed metastases. A total of 17 (21.8%) patients presented initial lung metastases. The most frequent site was the bone that accounted for 56.4% of all cases. Liver and brain were the following sites. Median ages in patients with initial lung metastases were more than other patients with other first metastatic sites. DFS in lung metastasis (26 months) patients was shorter than the bone (42 months) but longer than the brain and liver metastases (14 months).
The P values of quantitative factors showed in Table 1 between lung and other organs were all more than 0.05. Multivariate analyses were not conducted on these factors. Table 2 showed the results of the univariate analysis for ordinal factors. Two factors were significant correlation with lung metastases. These were ER and PR status (MannWhitney U ¼ 373.00, P ¼ 0.049), Her2 status (Pearson's x 2 ¼ 4.983, P ¼ 0.026). In Table 2 , it was also observed that cases with ER/PR negative, and Her2 negative are more than others. The percentage of them were respectively 51% and 52%, which implied that it might be a TN subtype that was prone to initial lung metastasis. Further statistical analyses showed the TN subtype with significant statistics (Pearson's x 2 ¼ 5.751, P ¼ 0.016). Clinical factors, routine pathological factors and treatment modes did not show significant association with initial lung metastasis. Although treatment had an important influence on patient outcomes, it seemed that modes of adjuvant therapy did not predict lung metastasis in this study.
There were significant correlations between ER/PR status and p53 protein (Kendall's tall b coefficient ¼ 20.232, P ¼ 0.036), vascular invasion and pN stage (coefficient ¼ 0.209, P ¼ 0.044). The mutual effects of ER/PR combination with p53 and pN stage with vascular invasion could not be avoided and multivariate analyses in logistic regression were conducted. Although P53, pN stage and vascular invasion were not statistically correlated with lung metastasis in univariate analyses, they were considered biological factors in relation to breast cancer, multivariate analyses were conducted. Table 3 showed the results of multivariate analysis.
Her2 still kept significant statistics (P ¼ 0.005, OR ¼ 0.065). Mutual effect of ER/PR status and p53, pN stage and vascular invasion was also, respectively, significant. Stratifying analysis was conducted on distribution of lung metastases cases in ER/PR status and p53, pN stage and vascular stage (Table 4) . We could see cases in ER negative, PR negative and p53 negative were more than those of other levels. Similar results can also be seen in pN3 combined with vascular invasion positive. Cases in ER, PR and p53 all negative and pN3 combined with vascular invasion, respectively, accounted for 46% and 35% of all lung metastases patients. When Her2 negative was considered, cases in four negative concerns [FN, (Her2, ER/PR and p53) negative] were 41% of all lung metastases, implying that FN might be a new subgroup that had a great tendency to develop initial lung metastasis. Multivariate analysis could not be conducted because of few cases. As a result, univariate analysis was conducted and showed that FN was significantly associated with initial lung metastasis (Fisher's exact test, P ¼ 0.045).
DISCUSSION
Metastasis is a crucial event in the progression of breast cancer (19) . It is the most common cause of death for breast cancer patients. As breast cancer is a heterogeneous disease, its metastatic behaviors are also diverse (1,2,9 -12,19,20) . IDC is one of the major types of breast cancer according to pathological examination, accounting for nearly 70%280% 
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of total breast cancer. It is also the leading cause of the death due to metastasis. Lung metastasis is commonly seen in IDC (1 -3). But it is unknown which patients will develop lung metastasis and how the risk could be identified in the progress to lung even if all data are available.
In our results, univariate analyses showed that ER and PR status (P ¼ 0.049) and Her2 (P ¼ 0.026) were high-risk factors for lung metastasis as the first metastasis site. Case distribution given in Table 2 was more seen in negative of ER/PR and Her2 than others, suggesting ER/PR double negative status and Her2 negative status being high risk for IDC patients to develop lung metastasis. ER/PR status did not show significant statistics while ER/PR combined status of p53 was significantly associated with lung metastasis in multivariate analyses. Case distribution showed patients with initial lung metastasis are at a status of p53 negative, ER negative and PR negative, which meant ER/PR status with p53 status was a high-risk factor for lung metastasis. pN stage in prediction of lung metastasis needs to be combined with vascular invasion. Her2 was still a strong factor in relation to initial lung metastasis. To further observe case distribution in these factors (Table 4) , Her2 negative was an independent predictor, ER negative and PR negative with p53 negative as a whole can be good to predict lung metastasis, pN3 combined with vascular stage is also a powerful predictor. The similar results had been reported in previous studies. Dent et al. (21) showed that patients with TN breast cancers were at higher risk to develop visceral metastases. Another study reported that TN breast cancer was a better predictor for distant metastasis in African women than in white women (22) . But they did not explain which visceral organs are prone to be affected. Hasebe et al. (9) demonstrated that ER/PR double negative, pN3 stage and lymph vessel invasion were high-risk factors for initial lung (9) and ours were tumor necrosis and skin invasion, which were absent in our data and analysis could not be conducted in our study. Although there were four T4-stage patients in our study, only one patient presented skin invasion, who developed to brain metastasis, and others presented chest wall progressed to the bone. In other reports, pN3 and lymph vessel invasion are independent factors for prediction of metastasis (23, 24) . In our results, vascular invasion as an independent factor showed no relation to lung metastasis. But pN stage was significantly associated with vascular invasion, suggesting vascular invasion be mainly lymph vessel invasion. In the Hasebe et al. (9) report, pN3 was not a good prediction factor for the lung but for the bone. In our results, lymph vessel invasion is necessary to predict initial lung metastasis. ER negative and PR negative also need to combine with p53 negative for the prediction.
The results of the current study show that more attention should be paid to TN breast cancer. TN breast cancer with a poor prognosis still presents a great challenge in the treatment and development of novel therapies for oncologists (21, 22, 25, 26) . Its metastatic patterns were different from other subgroups (21, 22) . Dent et al.'s (21) report showed a high risk factor for visceral metastases in TN patients shortly after diagnosis was responsible in large part for the adverse prognosis. The main sites of metastases for patients with this subgroup were the lung and brain. We further found that IDC patients with TN and p53 negative were prone to develop lung metastasis. In our results, lymph node positive was common in TN IDC patients (69% versus 31%), which was similar to western countries (27) . Compared with previous studies, we further found a subtype of TN breast cancer with p53 negative was more sensitive to metastasis to the lung. The new characteristics of this phenotype should be paid more attention if the result could be repeated in future study and other institutions.
However, the most important prognostic or predictive factors for recurrence or metastasis and survival in primary breast cancer were the histopathologic grades, the primary tumor and the regional nodes, pTNM stage in other studies (28, 23, 29) . In our results, they had no influence on lung metastasis as the first organ of recurrence except pN3 in combination with vascular invasion, suggesting routine pathology tests based on morphological features are limited in this study to characterize organ-specific metastasis. Although there were controversies about the molecular labels of p53, Her2/neu etc. in their prognosis of the survival or prediction of organ-specific metastasis roles (9, 29) , the methods were established for detection of lung metastasis and had been put into clinical practice for more than decades. Moreover, the results in the present study testified previous studies and showed that the labels were powerful in the prediction of lung metastasis, meaning molecular pathology examination was useful and could explain different biological mechanisms in organ-selective metastasis for IDC.
Young age was considered to be a high-risk factor for development to brain metastasis (10) . In our results, young women did not show a significant relation to the lung and brain metastases while older women show initial lung metastasis more than those with other sites. But as older women with breast cancer were also more common, it is necessary to confirm age as a high-risk factor for initial lung metastasis in the future study. In the current study it was considered an adjusted factor. Tumor markers are now widely used in clinical practice to reflect treatment response or recurrence of breast cancer. CA 153 was reported to be a good predictor for distant metastases (14) . In the current report, CEA and CA 153 at primary diagnosis were taken into account and did not predict lung metastasis. Other clinical factors were also not high risk factors. It was most important that adjuvant therapies had no influence on progression in metastasis to the lung for IDC, implying new advances to be explored in the treatment of IDC patients who had great tendency to develop lung metastasis, especially in TN breast cancer (26, 27) .
Nowadays, we are entering into a molecular era in cancer detection and treatment. The ultimate goal in cancer management is to give right treatment to match right patients (30) . It is necessary to discover new biomarkers for different cancers (31) . For IDC with lung metastasis as the first organ, it is a special subgroup. Some genes and special molecular areas have been found to mediate breast cancer metastasis to lung (5 -8,31) . New drugs are expected to be soon explored with these advances. Our results are to discover these patients so that they can receive target genes detection and new target drugs treatment to specifically block metastasis to lung in further clinical trials.
In conclusion, this is the first study to clearly demonstrate important predictive factors for metastasis to lung based on current routine examinations and treatment modes. The pathological test is still the most useful tool that identifies special behavior subgroups from different breast cancers among them. Moreover, molecular pathology is becoming routine examination and playing a more important role in discriminating high-risk factors for lung metastasis from IDC patients. They show that IDC patients with pN3 combination with vascular invasion or four negatives of ER, PR, Her2/neu, P53 have great a tendency to develop to initial lung metastasis. The results will decrease the effort to discover high-risk subgroups in IDC patients who develop lung metastasis and save costs in the detection of genes or individual treatment in the future. However, the study is established on retrospective study and the results may be uncertain to some extent. We will carry out a prospective study involving ID genes and TGF beta to further confirm the results on IDC patients.
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